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Abstract
The CDMA overlay concept, has been proposed as one alter na tive to take advan tage 
of the band  width avail  able in narrowband systems. In fact, the basic idea of the
CDMA overlay is to allow to wideband CDMA wave  forms, to share a common
spec  trum with narrowband conven  tional wave  forms. In this work, we have
focused in the anal  ysis of the perfor  mance of the forward link of the CDMA and
TDMA systems when they are over  laid. In our model, in order to limit the inter fer -
ence into the CDMA layer caused by the TDMA system, the use of notch filters has
been consid ered. However, one draw back of the filters is that it rejects only one part
of the inter  fer  ence gener  ated by the TDMA system. There  fore, we have proposed
two new ideas of reduc  tion of the inter  fer  ence which can not be elim  i  nated by
filters; ordered hunt and real  lo  ca  tion of the slots. Finally, we present an analyt  ical
eval  u  a  tion of the forward link capacity of the systems involved in the over  laid
process, due to this is the limiting link and as a func  tion of the outage prob a bil i ties.
Prac  tical consid  er  ations such as power require  ments, power control, handoff, the
offered   load   for   different   services   and   scenarios   are   also   addressed.
Keywords: Over laid    system,    CDMA    perfor mance,    TDMA,    ordered hunt.
Resumen
La so bre po si ción CDMA ha si do pro pues ta co mo una al ter na ti va pa ra el apro ve cha mien -
to del an  cho de ban  da dis  po  ni  ble en sis  te  mas de ban  da an  gos  ta. Den  tro de es  te con  tex  to,
la so  bre  po  si  ción im  pli  ca que las for  mas de on  da de ban  da an  cha de un sis  te  ma CDMA
pue dan  com par tir  la  mis ma  ban da  es pec tral  que  las  for mas  de  on da  con ven cio na les  de
banda angosta. Aho ra  bien,  en  es te  tra ba jo  nos  he mos  en fo ca do  en  pre sen tar  el  aná li sis
del de  sem  pe  ño del en  la  ce de ba  ja  da de un sis  te  ma CDMA y TDMA cuan  do se so  bre  po  -
nen. Con el ob  je  to de li  mi  tar la in  ter  fe  ren  cia den  tro del sis  te  ma CDMA cau  sa  da por el
TDMA,  en  nues tro  mo de lo  es ta mos  con si de ran do  la  pre sen cia  de  fil tros notch. Sin  em bar -
go, una de las des ven ta jas de es te ti po de fil tros es que so  la men te eli mi nan una par te de la
in ter fe ren cia  ge ne ra da  por  el  sis te ma  TDMA.  Por  lo  tan to,  he mos  pro puesto  dos  ideas
inge
n
i
e
ría
INVESTIGACIÓN 
Y TECNOLOGÍAno ve do sas que nos per mi ti rán re du cir la in ter fe ren cia que no pue de ser eli mi na da por el uso de
fil tros,  las  cua les  he mos  de no mi na do  or de na mien to  y  rea sig na ción  de  ra nu ras.  Fi nal men te,
pre sen ta mos  una  eva lua ción  ana lí ti ca  de  la  ca pa ci dad  del  en la ce  de  ba ja da  de  los  sis te mas
in vo lu cra dos  en  el  pro ce so  de  so bre po si ción,  de bi do  a  que  es te  es  el  en la ce  li mi tan te  y  en  fun -
ción  de  la  pro ba bi li dad  de  fa lla.  Di ver sas  con si de ra cio nes  prác ti cas  co mo  requerimientos  de
potencia, control de potencia, transferencia de llamada cargas de tráfico para diferentes
servicios y diferentes escenarios están incluidos. 
Des crip to res:  sis te ma  so bre pues to,  de sem pe ño  CDMA,  TDMA,  hunt  or de na do.
Intro duc tion
The con  tin  u  ous growth in the traf  fic vol  ume and the
emer  gence of new ser  vices are in  creas  ing the rate of
change of the wire  less net  works. To ap  pre  ci  ate the
growth of the wire  less sec  tor; no  tice that in 1990 only,
they ex  isted 10 mil  lion of cell phone sub  scrib  ers mostly 
us  ing an  a  log FM tech  nol  ogy. To  day, there are al  most
one bil  lion of sub  scrib  ers and it is ex  pected to in  crease
to more than two bil  lion of sub  scrib  ers in next years. In 
China alone, more than 15 mil  lion cell phone sub  scrib  -
ers are be  ing added each month; more than the cu  mu  la  -
tive num  ber of wire  less sub  scrib  ers that ex  isted thr  -
ough  out the en  tire world in 1991 [1-3]. With the ex  -
pected  wire less  rev o lu tion  in  tele com mu ni ca tions,  the
ef  fi  cient use of the avail  able spec  trum is cru  cial. One
step in this di  rec  tion is the spread spec  trum over  laid,
which could be uti  lized as an easy mi  gra  tion path to  -
ward  third  gen er a tion  cel lu lar  sys tems  (for  ex am ple
IS-136 to CDMA2000 or GSM to WCDMA). 
A big num  ber of au  thors have ex  plored the per  for  -
mance of the CDMA over  laid sys  tems. For ex  am  ple;
one of the first works de  scribe the re  sults of both prop  -
a  ga  tion and field strength mea  sure  ments, to dem  on  -
strate that broad  band CDMA wave  forms can co-ex  ist
in the same fre  quency band with con  ven  tional mi  cro  -
wave narrowband sys  tem and thus to in  crease the
over  all spec  tral ef  fi  ciency in that fre  quency band [4].
How  ever, we have ob  served that all the ex  per  i  ments
and per  for  mance anal  y  sis have had the following
fundamental goals [4-46].
a)Ver  ify that the spread spec  trum over  lay would not 
cause  ex ces sive  in ter fer ence  to  the  narrowband
sys tem.
b)Ver  ify that the spread spec  trum sys  tem can op  er  -
ate ef  fi  ciently in the pres  ence of the in  ter  fer  ence
pro  duced by the narrowband sys  tem.
In the lit  er  a  ture, the over  lay prob  lem has been
widely ex  plored spe  cially for CDMA sys  tems. 
For ex  am  ple, some pa  pers have de  vel  oped the per  -
for  mance of the over  lay of CDMA and mi  cro  wave sys  -
tems [5-11]. In oth  ers, the per  for  mance of the CDMA
over  lay with FDMA or TDMA sys  tems has been stud  -
ied in terms of an  a  lyt  i  cal mod  els, which quan  tify a de  -
ter min is tic  SIR  ra tio  for  very  sim pli fied  scenarios
[12-18]. 
In or  der to suc  cess  fully im  ple  ment the over  lay of
the sys  tems, in a man  ner such that nei  ther set of us  ers
causes ex  ces  sive in  ter  fer  ence to the other set; it has
been pro  posed the use of notch fil  ters at the CDMA
trans mit ters  and  re ceiv ers. 
A big num  ber of au  thors have ex  plored the per  for  -
mance of the in  ter  fer  ence sup  pres  sion fil  ters in the
CDMA over  laid sys  tems [19-39]. Some of these stud  ies
have con  cen  trated on quan  ti  fy  ing the SIR ra  tio at the
fil  ter out  put, and oth  ers have ob  tained the bit-er  ror-
  rate (BER) performance.
As a way to im  prove the per  for  mance of the CDMA 
over  lay, other au  thors ex  am  ine the use of multicarrier
CDMA [40-44]. An  other pro  posed al  ter  na  tive is the use 
of fre  quency-di  ver  sity spread spec  trum (FD-SS) [12,
44]. One of the most re  cent pro  pos  als is the sig  nal level
clip  per in the CDMA trans  mit  ter and receiver [45-46].
Mo  ti  vated by the fact that most of the ex  ist  ing
works are done par  tially through mea  sure  ments, sim  u  -
la tions  and  very  sim pli fied  an a lyt i cal  mod els;  the  first
ob  jec  tive of our work is to es  tab  lish a math  e  mat  i  cal
model to de  rive the per  for  mance in terms of the Er  lang
ca  pac  ity of the over  laid sys  tem. 
There  fore, we will eval  u  ate the ca  pac  ity of the over  -
laid CDMA and TDMA sys  tems con  sid  er  ing the Pois  -
son na  ture of the ar  riv  als, the ser  vice ac  tiv  ity de  tec  tion, 
im  per  fec  tions on the power con  trol loop, handoff, the
ef  fect of the ad  ja  cent cell in  ter  fer  ence, and the use of
sup  pres  sion fil  ters. Our sec  ond ob  jec  tive is to show
that the in  ter  fer  ence not re  jected by the fil  ters is quite
harm  ful for the over  laid sys  tem. Nev  er  the  less, we have
pro  posed a new mech  a  nism to re  duce the in  ter  fer  ence
ef fect,  which  im plies  the  or der ing  and  re al lo ca tion  of
the TDMA slots1.
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The pa  per is or  ga  nized as fol  lows. In Sec  tion II we
pres  ent the sys  tem model and the over  lay sit  u  a  tion to
be con  sid  ered in  clud  ing the two new pro  pos  als. In Sec  -
tion III and IV the per  for  mance of the for  ward link is
eval u ated.  Sec tion  V  pres ents  nu mer i cal  re sults  of  the
ca pac ity  es ti ma tion  for  dif fer ent  sce nar ios.  Fi nally,  Sec -
tion VI gives our conclusions and remarks.
Sistem model
In this work two lay  ers of CDMA and TDMA macro  -
cells are spec  trally over  laid. Base sta  tions of both sys  -
tems are lo  cated in the same po  si  tion and the use of
sectored an  ten  nas is as  sumed. The mo  bile us  ers are uni  -
formly dis  trib  uted within the cells, and all cells op  er  ate
at 100% load  ing.
To make pos  si  ble the over  lay sit  u  a  tion, notch fil  ters 
are placed on the CDMA mo  bile trans  mit  ter and base
sta  tion re  ceiver. In ad  di  tion two new pro  pos  als are in  -
ves  ti  gated; the or  dered hunt and or  dered hunt with re  -
al  lo  ca  tion of the slots, in or  der to re  duce the prob  a  bil  ity 
of oc  cu  pa  tion of the TDMA co-chan  nel slots (slots in  -
side the CDMA band  width) and in  crease the over  lay
sys tem  ca pac ity.  In  par tic u lar, the  or dered  hunt scheme 
as  sumes that the TDMA slots are num  bered 1, 2,…,
NTS (NTS is de  fined as the to  tal avail  able TDMA slots)
in a way that co-chan  nel slots are placed at the end of
the list. Con  se  quently, each in  com  ing user takes the
low  est-num  bered idle slot. In the slots re  al  lo  ca  tion
strat  egy, in ad  di  tion to which the co-chan  nel TDMA
slots are placed at the end of the list, if one slot is set
free among the first m or  dered busy slots the user who
oc cu pies  the  m-th slot (final position) will be reallocated 
to the released position. 
The rest of the sec  tion will be de  voted to the re  -
quire  ments of the CDMA and TDMA sys  tems and to
the  der i va tion of  the  prob a bil ity  den sity  func tion of  the 
num  ber of ac  tive TDMA us  ers in  side the WC
bandwidth.
CDMA system
In the CDMA sys  tem, the en  ergy to in  ter  fer  ence ra  tio
re quire ment  de noted  by  (Eb  /I0), is con  sid  ered a vari  able
dif  fer  ent for each ser  vice. In the sys  tem, NS will de  note
the num  ber of ser  vices pres  ent in the spread  ing band  -
width, WC. Thus, the trans  mis  sion rate Rk and the re  -
quired (Eb /I0)k(req) de  fine the kth class of ser  vice for
1<k< NS. In the CDMA sys  tem the co-chan  nel in  ter  -
fer  ence re  ceived from the out  side of the cell will be
mod eled  as  fC times the to  tal power re  ceived from the
intra-cell, in the for  ward link (fC is de  fined as the other
cell in ter fer ence  fac tor).  Some  other  im por tant as sump -
tions are:
a)A log-nor  mal ran  dom vari  able, ek  (with  pa ram e ters 
of  its  char ac ter is tic  Gaussi an  ran dom  vari able,
mean  mk  and  stan dard  de vi a tion  sk), will model the 
vari able  (Eb/I0)k of each user. Then, some typ  i  cal
val ues  are,  sk=1.5dB and mk=(Eb/I0)k(req) [50-52].
b)The num  ber of ac  tive calls for each class of ser  vice
k is mod  eled through a Pois  son ran  dom vari  able,
with mean the of  fered load de  noted by (l/t)C(k)=
aC(k). In pre  vi  ous equa  tion, l is the ar  rival rate, and
t is the call duration.
c)The ac  tiv  ity fac  tor for each k class of ser  vice is
mod  eled as a bi  nary dis  trib  uted ran  dom vari  able,
nk, with P(nk=1)=rk.
TDMA system
In the TDMA sys  tem we con  sider a fre  quency re  use
fac tor  KT, it means that the to  tal sys  tem band  width
will be di  vided in KT groups of fre  quency, each one con  -
sist  ing of a num  ber of chan nels  sep a rated  in  fre quency.
There  fore, we as  sume that the TDMA sys  tem sup  ports 
a  max i mum  of  NTS us  ers per sec  tor, given by
N
B n
K B
TS
T T
S T TS
= (1)
where BT is the TDMA avail  able band  width, nT is the
num  ber of TDMA time slots per car  rier, KT is the re  use
fac  tor of the TDMA sys  tem, BTS is the band  width of a
TDMA chan nel and s cor  re  sponds to the num  ber of sec  -
tors on the sys  tem. Each sec  tor has NTS time slots of
which nTSC slots are in the WC band  width, that is, nTSC
are the co-chan  nel time slots for the CDMA sys  tem.
De pend ing  on  the  WC band  width we have dif  fer  ent val  -
ues of the pa  ram  e  ter nTSC as we can see on ta  ble 1.
1 The overlay problem with ordering and real  lo  ca  tion is partially
based on previous works [47-49].
Table 1. nTSC   TDMA Slots
B T W C bandwidth Number of nTSC slots
12.5 MHz
( ) n K T T = = 3 7 and
1.2288 MHz 6
3.6864 MHz 18
7.3728 MHz 36In the TDMA sys  tem the to  tal bit rate per user is RT
kbps in an equiv  a  lent band  width of WT=BTS/nT [17, 18].
Thus, we can con  clude that the to  tal TDMA co-chan  nel
in ter fer ence  band width  is  given  by W sK W n Tcoc T T T = . 
In the pro  posed sys  tem model, it is as  sumed that
the CDMA band  width is com  pletely over  laid by the
TDMA sys  tem. This setup cor  re  sponds to a sit  u  a  tion
of prac  ti  cal in  ter  est in which the over  lay could be uti  -
lized as an easy mi  gra  tion path to  ward third gen  er  a  tion 
cel  lu  lar sys  tems; for ex  am  ple, IS-136 to CDMA2000 or
GSM to WCDMA [14-15, 18-24]. 
Like the fre  quency bands of the nar  row band in  ter  -
fer  ence are known, the CDMA sys  tem can re  duce the
in  ter  fer  ence pro  duced by or to  ward the TDMA sys  tem
by em  ploy  ing notch fil  ters at the CDMA re  ceiv  ers or
trans mit ters  re spec tively  (fig ure  1). 
How  ever, such fil  ters also re  duce the ef  fec  tive avail  -
able spread band  width of the CDMA sys  tem. If a frac  -
tion p of the orig  i  nal avail  able spread band  width of the
CDMA sys  tem is fil  tered, the re  sult  ing effective
CDMA bandwidth is
W W p Cef C = - ( ) 1 , (2)
wherein, for ideal notch fil  ters p=(nTSC*WT)/WC. From
the CDMA cell of in  ter  est, each TDMA cell ex  cept the
co-chan  nel cells has a dif  fer  ent group of nTSC  in ter fer ing 
slots, in this man  ner, the use of notch fil  ters can re  duce
the in  ter  fer  ence pro  duced by TDMA sys  tem only on
the de  sired and co-chan  nel cells (in the eval  u  a  tion we
as  sume an ef  fec  tive co-chan  nel TDMA band  width
WTcoc,ef which ex  cludes the fre  quency bands as  signed to
the de  sired and co-chan  nel cells). 
The same sit  u  a  tion oc  curs from the TDMA cell
point of view, where the in  ter  fer  ence only is re  duced in
the CDMA cells that over  lap the de  sired and co-chan  -
nel TDMA cells. 
TDMA without ordered hunt
The pro  posed TDMA sys  tem has NTS avail  able slots per 
sec  tor, from which nTSC slots are in  side the WC band  -
width.  There fore,  the  prob a bil ity  den sity  func tion  of
the num  ber of ac  tive TDMA us  ers, NT, in  side the WC
band width  de noted  as  P(NT =q) for 0£q£nTSC, is ex  -
pressed as
P N q P T
j q
L
( ) = =
= å  (from NTS slots j are bussy, NT=q
slots of j are in  side WC) (3)
where L is the max  i  mum oc  cu  pancy for NT=q, which is 
given by ( ) N n q n N n TS TSC TSC TS TSC - + × = -  are the slots
out  side of the WC band  width, there  fore in (3) we have
P(from NTS slots j are bussy, NT=q slots of j are 
in side WC)=
P(from  NTS slots j are bussy)P(NT=q slots of j are in  -
side WC/from NTS slots j are bussy)=
a j
a k
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Figure 1. Frequency distri  bu  tion of the CDMA and TDMA
over  laid system. a) CDMA wide  band and frequency bands
of the TDMA slots. b) TDMA inter  fe  ring frequency bands.
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where aT is the TDMA load given by the prod  uct of the
ar rival  rate,  lT,  and the mean ser  vice time, 1/tT. In fig  -
ure 2 we show the prob  a  bil  ity den  sity func  tion of NT
for two dif  fer  ent TDMA loads and for
 WC=1.2288MHz. No  tice that when the TDMA load
in creases  the  prob a bil ity  of  oc cu pa tion  of  the  TDMA
co-chan  nel slots also in  creases. Thus, it was nec  es  sary
to re  duce the TDMA load un  til val  ues that would make 
pos si ble  the  op er a tion  of  the  over laid  sys tem.  There fore 
we have eval  u  ated two dif  fer  ent load con  di  tions
a)The max  i  mum TDMA load that the sys  tem can
of  fer for a block  ing prob  a  bil  ity of 2%, given by
aT=48.7 Erl. 
b)One sce  nario in which we have ap  prox  i  mately one 
half of the max  i  mum load (par  tial value), given by
aT=25Erl. This value orig  i  nates a block  ing prob  a  -
bil  ity of 3.0135e-009.
Fi nally,  the  prob a bil ity  that  the  q-th slot is busy is
[53]
P q ( -th slot is busy)=
a B N a
N
T TS T
TS
[ ( , )] 1-
(5)
wherein  B(NTS,aT) is the Er  lang loss for  mula for NTS
busy slots.
TDMA with ordered hunt
For the or  dered hunt scheme we as  sume that the
TDMA slots are num  bered 1, 2,…,NTS in a way that
co-chan  nel slots are placed at the end of the list, and
each in  com  ing user takes the low  est-num  bered idle
slot. Thus, we can model the slot oc  cu  pancy as a
Markov chain with 2NTS states, as we can see in fig  ure
3, wherein the gen  eral macrostate Eu  rep re sents  the
num  ber of busy slots in the sys  tem, for u=0,…,NTS.
The microstates of the form (0,0,…,0) rep  re  sent all the
pos si ble  po si tions  of  oc cu pancy  of  u slots. Then for
u=0, the state (0,0,…,0) rep  re  sents the non-oc  cu  pancy
of the slots. For u=1 the states (1,0,…,0) to (0,0,…,1)
mod  els the oc  cu  pancy of one slot, from the first po  si  -
tion to the fi  nal po  si  tion. We fol  low in this way un  til
the value, u=NTS, for which the state (1,1,…,1) mod  els
the oc  cu  pancy of all the slots. In gen  eral, each Eu is in  te  -
grated by a group 
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of states, which are rep  re  sent  ing all the pos  si  ble po  si  -
tions of oc  cu  pancy of u slots.
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Figure 2. Proba  bi  lity density func  tion of NT for aT=48.7Erl and aT=25Erl, 
consi  de  ring a normal slots allo  ca  tion and WC=1.2288MHzWe can model this or  der  ing through the Markov
chains of fig  ure 3, from which we find the prob  a  bil  ity
den  sity func  tion of the num  ber of ac  tive TDMA us  ers
in side  the  WC band  width. There  fore, the P(NT=q), is
found di  rectly from the prob  a  bil  ity of be  ing in each
microstate.
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where the mark ® in  di  cates the po  si  tion of the last non 
co-chan  nel slot given by the dif  fer  ence NTS-nTSC. In (6)
the prob  a  bil  ity to be in each microstate was ob  tained
with  a  sim u la tion  be cause  the  an a lyt i cal  so lu tion  is  not
trac  ta  ble. Fig  ure 4 shows the P(NT=q)  con sid er ing  or -
dered hunt, for max  i  mum and par  tial TDMA loads. As
we can ob  serve, es  pe  cially for the par  tial TDMA load
the  oc cu pa tion  prob a bil ity  of  the  non  co-chan nel  slots
is  dras ti cally  in cre mented.  As so ci ated  to  this  we  have
an im  prove  ment of the sys  tem per  for  mance.
Fi  nally, in the or  dered hunt [53]
P q th ( -  slot is busy)=a B q a B q a T T T [ ( , ) ( , )] - - 1 (7)
where aT is the TDMA load and B(q,aT) is the Er  lang
loss for  mula for q or  dered busy slots.
TDMA with ordered hunt and 
real lo ca tion  of  the  slots
In the slots re  al  lo  ca  tion strat  egy the co-chan  nel TDMA 
slots are placed at the end of the list, but if one slot is
set free among the first m or  dered busy slots the user
who  oc cu pies  the  m-th slot (fi  nal po  si  tion) will be re  al  -
lo  cated to the re  leased po  si  tion. In this strat  egy, as we
force to the sys  tem to re  main in the microstates
(0,0,…,0), (1,0,…,0), (1,1,…,0),…,(1,1,…,1) the sys  tem
can be mod  eled with a Markov chain with NTS+1
states. 
As we can see in fig  ure 5, each microstate cor  re  -
sponds with the gen  eral macrostate E0,…,ENTS of an Er  -
lang loss sys  tem.
Hence, we find that the prob  a  bil  ity den  sity func  -
tion of the ran  dom vari  able, NT, is given by
P N q T ( ) = =
P B r a
Non  of  the  co channel
slots are  busy
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ø
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where B(q,aT) is the Er  lang-B for  mula, given by
B q a
a q
a r
T
T
q
T
r
r
N TS ( , )
/ !
/ !
=
= å
0
(9)
for aT the TDMA load. Fig  ure 6 shows the prob  a  bil  ity
den  sity func  tion of the num  ber of ac  tive TDMA us  ers.
No  tice that due to the re  al  lo  ca  tion strat  egy the
oc cu pa tion  prob a bil ity  of  non  co-chan nel  slots  is  in cre -
mented in com  par  i  son with the pre  vi  ous schemes.
Ad di tion ally,  we  have  that
P q th B r aT
r q
N TS
( ) ( , ), - =
= å slot    is    busy     (10)
where B(r,aT) is the Er  lang-B for  mula.
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CDMA perfor  mance
The for  ward link ca  pac  ity de  pends on the power that is 
avail  able for the traf  fic chan  nels [54-56]. Typ  i  cally, the
power al  lo  ca  tion to each over  head chan  nel is de  ter  -
mined from ex  per  i  men  tal tests. To max  i  mize the ca  -
pac  ity of the for  ward link, it is es  sen  tial to con  trol the
power of the cell in or  der to al  lo  cate the power to an in  -
di  vid  ual mo  bile ac  cord  ing to its needs. Then, for the
user 1 of the ser  vice k=i, the re  ceived bit en  ergy to in  -
ter fer ence  den sity  ra tio  will  be
E
I
W R c
I W I W
b
i
Cef i i
C C Cef C T Tcoc 0 1
1
0
æ
è
ç ç
ö
ø
÷ ÷ =
+
( )
( )
, ,
( / )
,ef Cef N W + 0
, (11)
where  WCef  is the ef  fec  tive spread  ing band  width, Ri is
the trans  mis  sion rate of the i-th class of ser  vice, ci( ) 1
0  is
the frac  tion of the to  tal power re  ceived by user 1 of
class i from the 0-th base sta  tion. IC,CWCef and IC,TWTef
are the in  ter  fer  ence power in the CDMA user due to
CDMA and TDMA base sta  tions re  spec  tively and
N0WC  is the power of the ther  mal noise. In (11) we have 
I W F c c C C Cef i i j k j
j
N
k
k i
N
j
N k S i
. ( ) ( ) ( ) = +
é
ë
= =
¹
= å å å 1
0 0
1 1 2
ê
ê
ê
ù
û
ú
ú
ú
+Iother( ) 1 (12)
where Fi(1)  rep  re  sents the im  pact of the loss of or  thogo  -
nally at user 1 of class i in the downlink and Fi(1)Î[0,1].
This term is of  ten re  ferred as the multipath loss fac  tor
of the ra  dio chan  nel [54-56], and it is the mea  sure of the 
de  gree of or  thogo  nally among the own cell sig  nals re  -
ceived by a par  tic  u  lar user. Hence, Fi(1)=0  in di cates  that 
the or  thogo  nally of the own cell sig  nal is main  tained at
the re  ceiver, while 0<Fi(1)£1 cor  re  sponds to the case
where the or  thogo  nally is partly or fully de  stroyed. NS
and NBS are the num  ber of ser  vices and the num  ber of
in  ter  fer  ing base sta  tions in  cluded in the sys  tem, re  spec  -
tively. Ni and Nk are the CDMA us  ers of the i-th and
k-th ser  vice mod  eled as Pois  son ran  dom vari  ables.
Iotheri(1) is the in  di  vid  ual other cell in  ter  fer  ence at user 1
of class i. We as  sume that the frac  tion of the to  tal
power re  ceived by user 1 from its CDMA con  trol power 
base sta  tion is
c c c i j i i j k j
j
N
k
k
N
j
N k S i
( ) ( ) ( ) ( )
0
1
0 0
1 1
1
2
= +
é
ë
ê
ê = =
¹
= å å å w
ê
ù
û
ú
ú
ú
= wi c ( ) 1 0,
(13)
where wi(1) is the downlink re  source con  sump  tion of
user 1 of class i and c0 is the to  tal power re  ceived by user 
1 from its CDMA power con  trol base sta  tion.
The in  ter  fer  ence power in the CDMA user due to
TDMA base sta  tions is given by
I W T C T Tcoc ef j
l
j
N
L
N N T BS BS COC
, , ( )
,
=
= =
-
å å
1 1
(14)
where T j
l
( ) is the power de  signed to the j-th user on the
l-th TDMA base sta  tion re  ceived by user 1 of class i.
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NBS-NBS,coc is the num  ber of in  ter  fer  ing base sta  tions in  -
cluded in the sys  tem. 
Solv  ing (11) with (12), (13) and (14), we have the
fol low ing  re sult  for  wi(1) 
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b
i
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where  fi(1) is the for  ward link other cell in  ter  fer  ence fac  -
tor for the user 1 of class i. In prac  ti  cal sys  tems, a frac  -
tion of the to  tal trans  mit  ted power is de  voted to the pi  -
lot chan  nel and other com  mon con  trol chan  nels des  -
tined to all us  ers. We as  sume this over  head as (1-q).
There fore,  the  re main ing  frac tion  q  of the to  tal power
is then al  lo  cated to all us  ers con  trolled by the base sta  -
tion in the sec  tor. The sys  tem will be in an out  age sit  u  -
a  tion if the to  tal al  lo  cated trans  mis  sion power ex  ceeds
the to  tal avail  able power at the base sta  tion. Then, let
us de  fine the sys  tem out  age prob  a  bil  ity of the for  ward
link as [54-56]
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where  nk is the ac  tiv  ity of the us  ers of the k-th ser  vice
class mod  eled as a bi  nary ran  dom vari  able and
(Eb/I0)k(j)=Ex j ( ) is a log-nor  mal ran  dom vari  able that de  -
fines the re  quired (Eb/I0) of the j-th user of the k-th ser  -
vice class. Us  ing the cen  tral limit the  o  rem in (16), Z can
be ap  prox  i  mated as a Gaussi  an ran  dom vari  able. Since
fi(j) de  pends on the po  si  tion of the us  ers, we ap  prox  i  mate 
the es  ti  ma  tion by tak  ing the av  er  age at all the lo  ca  tions
in the sec  tor. Thus, the out  age prob  a  bil  ity is given by
P Q
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where q is the frac  tion of the to  tal trans  mit  ted power
ded i cated  to  the  traf fic  chan nels,  typ i cally  be tween
71% and 80% [55]. Soft handoff on the for  ward link
makes the power al  lo  ca  tion even more com  pli  cated. For 
sim  plic  ity, we as  sume that a frac  tion g<1 of all us  ers is
in soft handoff and a max  i  mum of three base sta  tions
in  volved in the pro  cess [54]. For each user in soft
handoff, we as  sume that the base sta  tions in  volved al  -
lo  cate the same power frac  tion to that user. Then, the
num  ber of us  ers in each cell is in  creased by 2g be  cause
of soft handoff.
The val  ues E{Z} and Var{Z} are the fol  low  ing
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where  aC(k)(1+2g) is the traf  fic load of the CDMA sys  -
tem, rk is the ac  tiv  ity fac  tor of the k-th class of ser  vice,
b=ln(10)/10,sk=1.5 dB, mk=(Eb/I0)k(req), fC
forward is the
other-cell in  ter  fer  ence fac  tor of the CDMA sys  tem. For
the case in which we use notch fil  ters, the other-cell in  -
ter fer ence  fac tor  is  af fected  by ( / ) 1 2 1 - - p p .  F is the im  -
pact of the loss of or  thogo  nally whose value de  pends
on the spe  cific sce  nario, e.g. F=0.4 in a ve  hic  u  lar sce  -
nario and F=0.06 in a pe  des  trian sce  nario [54].
In (18), the val  ues E I W c C T Tcoc ef { / } , , 0  and 
E I W c C T Tcoc ef {( / ) } , , 0
2  are ob  tained as  sum  ing two dif  fer  -
ent sce  nar  ios; the TDMA sys  tem with  out power con  -
trol and with power con  trol.We have that the re  ceived power on the in  ter  est
CDMA user from the l-th BS is
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where PT is the trans  mit  ted power by the TDMA base
sta  tion per user, and ( )
/ r
l l
1
10 10
m z  mod  els the prop  a  ga  -
tion losses given by the prod  uct of the m-th power of
the dis  tance be  tween the CDMA in  ter  est user and the
l-th base sta  tion and a log-nor  mal com  po  nent rep  re  -
sent ing  shad ow ing  losses  where  z 0 is the dB at  ten  u  a  -
tion with zero mean and stan  dard de  vi  a  tion D. PT j
l
( ) is
the av  er  age TDMA trans  mit  ted power by the l-th base
sta  tion which power con  trols to the j-th user, and
which is given by
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where ( ) r j
l
( )
m
 is the dis  tance be  tween the l-th base sta  -
tion and all the pos  si  ble po  si  tions of the j-th TDMA
user in  side of the cov  er  age area of the l-th BS and 
f a cell ( ) / =1  area.
Let us as  sume a log-nor  mal ap  prox  i  ma  tion for the
value  by the Schwartz and Yeh method. Then in equa  -
tion (18) we have
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where E{y} and S{y} are the mean and stan  dard de  vi  a  -
tion of the ran  dom vari  able which char  ac  ter  ize to Y
and change in ac  cor  dance to the non power con  trol
scheme or power con  trol scheme used in the TDMA
layer.
CDMA Perfor  mance
As the out  age prob  a  bil  ity of the for  ward link, (17), is a
func  tion of the po  si  tion of the CDMA user of in  ter  est,
we have ob  tained an av  er  age over a large set of mo  bile
po si tions  in side  its  cov er age  area.  Then
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forward
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where  Max   is the to  tal num  ber of mo  bile po  si  tions.
TDMA perfor  mance
For the TDMA sys  tem we eval  u  ate the prob  a  bil  ity of
not  hav ing  an  ad e quate  sig nal  to  in ter fer ence  ra tio,
SIRT(req), known as the out  age prob  a  bil  ity. Hence, the
out age  prob a bil ity  due  to  the  q-th slot is busy, is
given by
P P SIR SIR q th o T
reverse
T T req , ( ) ( / = < -  slot is busy)
P q th ( -  slot is busy) (23)
where in ac  cor  dance with the slots al  lo  ca  tion scheme
we can know the P(q-th slot is busy). Then, we fol  low
to  ob tain ing
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where  TD is the power of the de  sired sig  nal on the
TDMA sys  tem, IT,TWT and IT,CWCef, are the pow  ers of
the in  ter  fer  ence in the TDMA sys  tem due to TDMA
and CDMA sys  tems re  spec  tively.
In (24)
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(25)
where Nk is a Pois  son ran  dom vari  able which mod  els
the CDMA ac  tive us  ers. vk j
l
( ) and ek j
l
( ) are a bi  nary and 
log-nor  mal ran  dom vari  ables which de  fines the ac  tiv  -
ity of the ser  vices and the (Eb/I0) of the j-th user of
the k-th class of ser  vice in the l-th base sta  tion re  spec  -
tively. Rk  is the bit rate re  quire  ment of the k-th ser  -
vice and (I0)k is the CDMA in  ter  fer  ence spec  tral den  -
sity for the k-th ser  vice. WT is the equiv  a  lent TDMA
slot band  width and WCef is the ef  fec  tive spread  ing
band  width. Again, the eval  u  a  tion of (24) is con  di  -
tioned to the con  sid  er  ation or not of power con  trol in 
the TDMA layer.
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TDMA System without and with power control
With  out power con  trol
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where a(NPC)k is the ra  tio be  tween CDMA spec  tral in  -
ter  fer  ence den  sity re  ceived in the base sta  tion for the
k-th ser  vice and the TDMA trans  mit  ted sig  nal power.
Ad di tion ally  in  (26)  we  have  ap prox i mated  XNPC by a
log-nor mal  ran dom  vari able,  whose  char ac ter is tic
Gaussi  an ran  dom vari  able has the mean and stan  dard
de vi a tion
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The ran  dom vari  able ZNPC is  ap prox i mated  as  a
Gaussi an  ran dom  vari able  in vok ing  the  cen tral  limit
the o rem  and  YNPC by a log-nor  mal ran  dom vari  able us  -
ing the Schwartz and Yeh method. Therefore
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where  E{zNPC} and S{zNPC} are the mean and stan  dard
de  vi  a  tion of the Gaussi  an ran  dom vari  able which char  -
ac ter ize  to  ZNPC. The E{YNPC} and Var{YNPC}are given
by
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where  a(NPC)k is the ra  tio be  tween the CDMA spec  tral
in  ter  fer  ence den  sity re  ceived in the mo  bile for the k-th
ser  vice and the TDMA base sta  tion trans  mit  ted sig  nal
power. 
With power con  trol in the TDMA layer we have
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where E{zPC} and S{zPC} are the mean and stan  dard de  -
vi a tion  of  the  ran dom  vari able  which  char ac ter ize  to
the log-nor  mal vari  able ZPC ob  tained by Schwartz and
Yeh method.
The E{YNPC} and Var{YNPC}are given by
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where a(PC)k is the ra  tio be  tween the CDMA spec  tral
in  ter  fer  ence den  sity re  ceived in the mo  bile for the k-th
ser  vice and the TDMA base sta  tion re  ceived sig  nal
power. 
TDMA perfor  mance
The out  age prob  a  bil  ity is a func  tion of the po  si  tion of
the CDMA user of in  ter  est. There  fore, we have ob  -
tained an av  er  age over a large set of mo  bile po  si  tions in  -
side its cov  er  age area, then
P
Max
P x y o T
down
o T
down
i i
i
Max
, , ( , ) =
= å
1
1
(32)
where  is the to  tal num  ber of mo  bile po  si  tions.
Nume rical  results
In this sec  tion, we eval  u  ate the per  for  mance of the for  -
ward link of the CDMA and TDMA over  laid sys  tem.
All of our eval  u  a  tions con  sider dif  fer  ent val  ues of the
ra tios  g and a, the ser  vice time on the TDMA layer
equal to 2 min  utes, D=8dB, m=4, fC
forward =0.3632 (when 
3 BS are par  tic  i  pat  ing in the soft handoff) and all the
pa  ram  e  ters listed on the ta  ble 2.
In the  nu mer i cal  eval u a tions  we  have  con sid ered  two
dif  fer  ent set  tings, the TDMA layer with and with no power 
con  trol. Also, we have con  sid  ered four modes of eval  u  a  tion
of the over  laid sys  tem. In the mode 1, it has been eval  u  ated
the iso  lated CDMA or TDMA sys  tems. In the mode 2, it
has been eval  u  ated the over  laid sys  tem which is op  er  at  ing
with the nor  mal al  lo  ca  tion of the slots in the TDMA layer.
In the mode 3, it has been eval  u  ated the over  laid sys  tem
when it im  ple  ments or  dered hunt in the al  lo  ca  tion of the
TDMA slots. Fi  nally in the mode 4, it has been eval  u  ated
the over  laid sys  tem when the TDMA layer im  ple  ments the
or  dered hunt and re  al  lo  ca  tion of the slots. 
We eval  u  ate the per  for  mance of the CDMA sys  tem
for two types of ser  vices in the pres  ence of the TDMA
sys tem.  We  have  con sid ered  a  max i mum  ca pac ity  in
the CDMA layer given by, aVoice=16.44 Erl and aData=1
Erl for a block  ing prob  a  bil  ity of around 2%. The TDMA 
sys  tem has been eval  u  ated when it op  er  ates at a tol  er  a  -
ble  ca pac ity,  aT=25 Erl for a block  ing probability less
than 2%.
Ta  ble 3 show the CDMA and TDMA power re  -
quire  ments for dif  fer  ent val  ues of the g and a ra  tios. As
we  men tioned  pre vi ously  g  and  a  ra  tios, de  pend on the
link and the power con  trol, and are given as pa  ram  e  -
ters. In the for  ward link with  out power con  trol on the
TDMA layer, gNPC is the ra  tio be  tween the trans  mit  ted
power by the TDMA base sta  tion per user and the to  tal 
power re  ceived by CDMA user from its CDMA power
con  trol base sta  tion and a(NPC)k is the ra  tio be  tween the
CDMA  spec tral  in ter fer ence  den sity  re ceived  in  the
mo  bile for the k-th ser  vice and the TDMA base sta  tion
trans mit ted  sig nal  power. 
With power con  trol on the TDMA layer, gPC is the
ra  tio be  tween the av  er  age trans  mit  ted power by the
TDMA base sta  tion per user and the to  tal power re  -
ceived by CDMA user from its CDMA power con  trol
base sta  tion, and a( ) PC K is the ra  tio be  tween the
CDMA  spec tral  in ter fer ence  den sity  re ceived  in  the
mo  bile for the k-th ser  vice and the TDMA base sta  tion
trans mit ted  sig nal  power.
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Table 2. CDMA and TDMA System Para  me  ters [56]
CDMA TDMA
Channel spacing WC =1.2288MHz WT =10 kHz
Time slot structure N/A
NTS=59
Reuse factor 7 in a
bandwidth of 12.5 MHz
Co-channel time slots N/A 1.2288 MHz/nTSC=6
Voice Service
(Eb/I0)(req)=5.4dB
r=0.375
R=8Kbps
SIRT(req)=17dB
R=16Kbps
Data Services
LCD 64k
(Eb/I0)(req)=3.8dB
r=1
R=64Kbps
N/A
Power control Yes Yes/No
Cell Size 1km 1KmIngeniería Investigación y Tecnología. Vol. XI. Núm. 3. 2010 349-365, ISSN1405-7743 FI-UNAM          361
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In ta  ble 3 as a way to ap  prox  i  mate the pa  ram  e  ter a,
we as  sume that the max  i  mum tol  er  a  ble CDMA spec  -
tral in  ter  fer  ence den  sity is given by
 I P R E I
k
CDMArx k b k 0 0 (max) / )/( / ) = . Where Rk and ( / ) E I b k 0
are the bit rate and the re  quired bit en  ergy to in  ter  fer  -
ence den  sity ra  tio.
No power control on the TDMA layer:
Forward link perfor  mance
For this macrocell sce  nario, the per  for  mance of the
over  laid sys  tem when it has max  i  mum load in the
TDMA layer is poor, there  fore in those con  di  tions it is
im  pos  si  ble the op  er  a  tion of the sys  tem. Fig  ures 7 and 8
show the CDMA and TDMA per  for  mance of the for  -
ward link for two classes of ser  vices in the pres  ence of
the TDMA sys  tem when aT=25Erl, for a block  ing prob  -
a  bil  ity of 2% in CDMA layer and less than 2% in
TDMA layer. 
No  tice that, al  though for the nor  mal al  lo  ca  tion of
the slots the op  er  a  tion of the sys  tem is im  pos  si  ble due to 
the poor per  for  mance; we can ob  serve that in the
CDMA layer in agree  ment the ra  tio g de  creases, we have 
a better per  for  mance of the over  laid sys  tem be  cause of
the re  duc  tion in the TDMA trans  mit  ted power or the
in  cre  ment in the CDMA trans  mit  ted power. The same
sit u a tion  oc curs  with  the  ra tio  a, in agree  ment this un  -
der  goes a dec  re  ment, the TDMA layer has a better
TDMA  per for mance. 
A sig  nif  i  cantly im  prove on the per  for  mance of the
over  laid sys  tem is ob  served when the sys  tem im  ple  -
ments the or  dered hunt or slots re  al  lo  ca  tion strat  e  gies.
Power control on the TDMA layer: 
Forward link perfor  mance
Fig  ures 9 and 10 show the per  for  mance of the CDMA
and TDMA lay  ers when we con  sider the par  tial load
con  di  tion and power con  trol in the TDMA layer. Be  -
cause of the power con  trol in the TDMA layer, the op  -
er a tion  of  the  over laid  sys tem  un der  more  re al is tic  con -
di  tions in terms of power re  quire  ments and qual  ity lev  -
els is pos  si  ble for both strat  e  gies, or  dered hunt and re  al  -
lo  ca  tion of the slots.
Table 3. Forward Link Required Trans  mitted and Received Powers on the TDMA and 
CDMA Systems for  Diffe  rent g and a Values
gNPC gPC a( ) NPC Voice a( ) NPC Dat a( ) PC Voice a( ) PC Dat
PTDMAtx  (BS)=17.04W
4.8E12 4.8 4.14E-18 1.39E-18 4.14E-6 1.39E-6
PTDMArx  (Mobile)=1.70E-11W
PCDMAtx  (BS)=3.55W
PCDMArx  (Mobile)=3.55E-12W
PTDMAtx  (BS)=8.52W
2.4E12 2.4 8.27E-18 2.78E-18 8.27E-6 2.78E-6
PTDMArx  (Mobile)=8.52E-12W
PCDMAtx  (BS)=3.55W
PCDMArx  (Mobile)=3.55E-12W
PTDMAtx (BS)=3.55W
1E12 1 1.98E-17 6.67E-18 1.98E-5 6.67E-6
PTDMArx (Mobile)=3.55E-12W
PCDMAtx (BS)=3.55W
PCDMArx (Mobile)=3.55E-12W
PTDMAtx (BS)=1.775W
5E11 0.5 3.974E-17 1.33E-17 3.97E-5 1.33E-5
PTDMArx (Mobile)=1.78E-12W
PCDMAtx (BS)=3.55W
PCDMArx (Mobile)=3.55E-12W
PTDMAtx (BS)=0.7384W
2.08E11 0.2083 9.54-17 3.2E17 9.54-5 3.2E-5
PTDMArx (Mobile)=7.38E-13W
PCDMAtx (BS)=3.55W
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Figure 7. Forward link CDMA perfor  mance for a partial TDMA load 
aT=25Erl without power control on the TDMA layer
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Figure 8. Forward link TDMA perfor  mance for a partial TDMA load 
aT=25Erl without power control on the TDMA layer
Figure 9. Forward link CDMA perfor  mance for a partial TDMA load 
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Capacity gain
To im  prove the over  laid sys  tem per  for  mance we have
con  sid  ered a TDMA load aT=25 Erl. Then, from pre  vi  -
ous re  sults we can con  clude that the co-chan  nel or  -
dered slots strat  e  gies and the power con  trol scheme on
the TDMA sys  tem in  crease the to  tal sys  tem ca  pac  ity in 
a fac  tor equal to 1.25 This is pos  si  ble for a CDMA per  -
for mance  Pb<10% and a TDMA per  for  mance P0<16%.
If better con  di  tions of qual  ity are re  quired, the of  -
fered load of the TDMA layer can be re  duced.
Conclu sions
From the re  sults we can ob  serve that in the as  sumed
macrocell sce  nario, the over  lay sit  u  a  tion is not pos  si  ble
if only fil  ter  ing is used. There  fore, in ad  di  tion to the fil  -
ter  ing tech  niques which are not enough to re  duce the
im  pact of the in  ter  fer  ence be  tween the lay  ers of the
over  laid sys  tem, two new ideas the or  dered hunt and
slots re  al  lo  ca  tion of the TDMA co-chan  nel slots were
pro  posed. Thus, it was the  o  ret  i  cally shown that the
CDMA over  lay  ing can in  crease the to  tal sys  tem ca  pac  -
ity be  cause of the power con  trol in the TDMA layer
and  the  slot  al lo ca tion  strat e gies.
In this work we have ob  tained gen  eral ex  pres  sions
of the per  for  mance of the for  ward link for dif  fer  ent sce  -
nar  ios as a func  tion of the g value, which is the lim  it  ing
fac  tor on the over  laid ca  pac  ity. In fact, with smaller g
ra  tios, higher ca  pac  i  ties of the over  laid sys  tem can be
achieved. With  out power con  trol on the TDMA layer
the over  laid sys  tem has a poor per  for  mance. Then,
from pre  vi  ous re  sults we can con  clude that the
co-chan  nel or  dered slots strat  e  gies and the power con  -
trol scheme on the TDMA sys  tem in  crease the to  tal
sys  tem ca  pac  ity in a fac  tor equal to 1.25 This is pos  si  ble 
for a CDMA per  for  mance Pb<10% and a TDMA per  for  -
mance P0<16%.
Refe rences
[1] Rappa  port T.S., Anna  malai A. et al.  Wire less  commu ni ca -
tions: Past events and Future Pers  pec  tive. On: IEEE
Commun.  Maga zine,  50th  Anni ver sary  Comme mo ra tive
Issue, pp. 148-161, May 2002.
[2] Esmail  zadeh R., Naka  gawa M. TDD-CDMA for the 4th
Gene ra tion  of  Wire less  Commu ni ca tions.  On:  IEEE  Wire -
less Commun., pp. 8-15, August 2003.
[3] Rappa  port T.S. Wire less  Commu ni ca tions,  Prin ci ples  and
Prac tice. 2d Ed. NJ. Pren  tice Hall. Upper Saddle River.
2002.
[4] Mils  tein L.B., Schi  lling D.L., Pick  holtz R.L. et al. On the
Feas  i  bi  lity of a CDMA Overlay for Personal Commu  ni  ca  -
tions Networks. IEEE J. Select Areas Commun., 10:655-668,
May 1992.
[5] Filis K.G., Gupta S.C. Overlay of Cellular CDMA on FSM.
IEEE Trans. On Veh. Technol., 43(1):86-98, Feb. 1994.
[6] Wang J. Cellular CDMA Overlay Situa  tions. IEE Proc.-
 Commun., 143(6):389-395, Dec. 1996.
[7] Wang J. LMS Filters for Cellular CDMA Overlay. On:
Inter  na  tional Confe  rence on Commun. ICCT, pp.
366-369, 1996.
 
4.14E-6               8.27E-6 1.98E-5 3.97E-5 9.54E-5
0,1538
0,1638
0,1738
( voz
P
0
Mode 1
Mode  2
Mode  3
Mode  4
Figure 10. Forward link TDMA perfor  mance for a partial TDMA load
aT=25Erl with power control on the TDMA layer[8] Ywh-Ren T., Jin-Fu Ch. Feasi  bi  lity of Adding a Personal
Commu  ni  ca  tions Network to an Exis  ting Fixed-Service
Micro wave  System.  IEEE Trans. On Commun., 44:76-83,
Jan. 1996.
[9] Schi  lling D.L., Mils  tein L.B., Pick  holtz R.L. et al. A Spec  -
trally Effi  cient CDMA Overlay. MILCOM. 1997. Pp.
1183-1185.
[10] Shad A., Haimo  vich A.M. Perfor  mance of Space- Time
Receiver Archi  tec  tures for CDMA Overlay of Narrow  -
band Wave  forms for Personal Commu  ni  ca  tions Systems.
On: Inter  na  tional Confe  rence on Commun. ICC, 1997,
pp. 314-318.
[11] Papproth E., Kaleh G.K. A CDMA Overlay Using
Frequency Diver  sity Spread Spec  trum. IEEE Trans. Veh.
Technol., 48(2):397-404, March 1999.
[12] Schi  lling D.L., Lomp G.R., Garod  nick J. Broad  band
CDMA Overlay. On: IEEE Vehi  cular Tech  no  logy Confe  -
rence VTC, 1993, pp. 452-455.
[13] Grieco D.M., Garod  nick J. y Schi  lling D.L. Capa city  Limi -
ta  tions due to Adja  cent Cell Dissi  milar Tech  no  lo  gies.
MILCOM.  1993. Pp. 543-549.
[14]  Grieco D.M. The Capa  city Achie  vable with a Broad  band
CDMA Micro  cell Underlay to an Exis  ting Cellular Macrosy  -
stem. IEEE J. Select Areas Commun., 12(4):744-750, May 1994.
[15] Parsa K., Zadeh S.G. B-CDMA Overlay Forward Link and
Reverse Link Capa  city Based on Random Traffic and a New
CDMA Call Bloc  king Model. GLOBECOM. 1995. Pp.
2171-2176.
[16] Hmimy H.H., Gupta S.C. Overlay of Cellular CDMA on
AMPS Forward and Reverse Link Analysis. IEEE Trans.
Veh. Technol., 45(1):51-56, Feb. 1996.
[17] Wu J.S., Sze M.T., Chung J.K. Uplink and Down  link
Capa  city Analysis for Two-Tier CDMA Cellular Systems.  
IEEE  Vehi cular  Tech no logy  Confe rence  VTC.    1997. Pp.
626-633. 
[18] Chih-Lin I.L.J. Greens  tein, Gitlin R.D. A Micro  -
cell/  Macrocell Cellular Archi  tec  ture for Low- and High-
Mobi lity  Wire less  Users.  IEEE J. Select Areas Commun.,
11(6):885-891, August 1993.
[19] Grieco D.M., Schi  lling D.L. The Capa  city of Broad  band
CDMA Over  la  ying a GSM Cellular System. On: IEEE Vehi  -
cular Tech  no  logy Confe  rence VTC, 1994, pp. 31-35.
[20] Widdowson T. A CDMA Data Overlay of the GSM
Network. On: IEEE Inter  na  tional Sympo  sium on
Published PIMRC, 1997.
[21] Moelker D.J., Prasad R. Capa city of Co-exis tent Cellular CDMA 
and GSM with Shado  wing and Imper  fect Secto  ri  za  tion, Power
Control and Notch Filte  ring. IEEE PIMRC. 1997.
[22] Koorevar P., Ruprecht J. Frequency Overlay of GSM and
Cellular B-CDMA. IEEE Trans. Veh. Technol., 48:696-707,
May 1999.
[23] Noël L., Widdowson T. Expe  ri  mental CDMA Data
Overlay of GSM Network. Elec tro nics  Letters, 35(8):
614-615, April 1999.
[24] T. Widdowson and L. Noël, “Uplink and Down  link Expe  -
ri  mental CDMA Overlay of GSM Network in Fading
Envi ron ment,”  Elec tro nics  Letters, Vol. 35, No. 17, pp.
1440-1441, August 1999.
[25] Mils  tein L.B., Wang J. Inter fe rence  Suppres sion  for  CDMA
Over  lays of Narrow  band Wave  forms. ISSSTA, 1994, pp.
61-68.
[26] Wang J., Mils  tein L.B. CDMA Overlay Situa  tions for
Micro ce llular  Mobile  Commu ni ca tions.  IEEE Trans. on
Commun., 43(2-4):603-614, Feb.-Apr., 1995. 
[27] Wang J., Mils  tein L.B. Inter  fe  rence Suppres  sion for
CDMA Overlay of a Narrow  band Wave  form. Elec tronic
Letters, 31(24):2074-2075, Nov. 1995.
[28] Rain  bolt B.J., Miller S.L. CDMA Trans  mitter Filte  ring for 
Cellular Overlay Systems. IEEE Trans. on Commun.,
48(2):290-297, Feb. 2000. 
[29] Wei P., Zeidler R., Ku W.H. Adap  tive Inter  fe  rence
Suppres  sion for CDMA Overlay Systems. IEEE J. Select
Areas Commun., 12(9):1510-1523, Dec. 1994.
[30] Gottesman L.D., Mils  tein L.B. On the Use of Inter fe  rence 
Suppres  sion to Enhance Acqui  si  tion Perfor  mance in a
CDMA Overlay Scenario. On: IEEE Vehi  cular Tech  no  logy 
Confe rence  VTC,  1995, pp. 1219-1223,.
[31] Gottesman L.D., Mils  tein L.B. The Coarse Acqui  si  tion
Perfor  mance of a CDMA Overlay System. IEEE J. Select
Areas Commun., 14(8):1627-1635, Oct. 1996.
[32] Wang J. On the Use of a Suppres  sion Filter for CDMA
Overlay.  IEEE Trans. on Veh. Technol., 48(2). 405-414,
March 1999. 
[33] Yu A., Wang J. CDMA Overlay in the Presence of Power
Control Error. On: IEEE Vehi  cular Tech  no  logy Confe  -
rence VTC, 1999, pp. 1831-1835.
[34] Ugweje O.C., Matin S.A. Perfor  mance of CDMA Overlay 
Systems Using Filte  ring and Diver  sity. IEEE Trans. on Veh.
Tecnol., 52(2):456-462, March 2003.
[35] Kim J.Y., Lee J.H. Perfor  mance of PN Code Acqui  si  tion in 
a DS/CDMA Overlay Envi  ron  ment with Imper  fect Power 
Control. On: IEEE Vehi  cular Tech  no  logy Confe  rence
VTC, 1997, pp. 108-2112.
[36] Moene  claey M., Bladel M.V., Sari H. Sensi  ti  vity of
Múltiple-Access Tech  ni  ques to Narrow-Band Inter  fe  -
rence.  IEEE Trans. on Commun.,  49(3):497-505, March
2001.
[37] Poor H.V Active Inter  fe  rence Suppres  sion in CDMA
Overlay Systems. IEEE J. Select Areas Commun., 19(1):4-20, 
Jan. 2001.
[38] Heiska K., Posti H. et al. Capa  city Reduc  tion of WCDMA 
Down  link in the Presence of Inter  fe  rence From Adja  cent
364           Ingeniería Investigación y Tecnología. Vol. XI. Núm.3. 2010 349-365, ISSN1405-7743 FI-UNAM
Ordered Hunt Schemes for Over  laid CDMA Cellular SystemsIngeniería Investigación y Tecnología. Vol. XI. Núm. 3. 2010 349-365, ISSN1405-7743 FI-UNAM          365
Casta ñeda-Camacho  J.J. and Lara-Rodrí  guez D.
Narrow-Band System. IEEE Trans. on Veh. Tecnol.,
51(1):37-51, Jan 2002.
[39] Rain  bolt B.J., Miller S.L. The Neces  sity for and Use of
CDMA Trans  mitter Filte  ring in Overlay Systems. IEEE J.
Select Areas Commun., 16(9):1756-1764, Dec. 1998. 
[40] Mils  tein L.B. The CDMA Overlay Concept. IEEE SS
Tech ni ques  &  Appli ca tions  Procee dings, 1996.
[41] Kim I.G., Kim D. Spec  tral Overlay of Multi  ca  rrier CDMA 
on Exis  ting CDMA Mobile Systems. IEEE Commun.
Letters, 3(3).15-17, Jan. 1999.
[42] Rain  bolt B.J., Miller S.L. Multi  ca  rrier CDMA for Cellular
Overlay Systems. IEEE J. Select Areas Commun.,
17(10):1807-1814, Oct. 1999.
[43] Tung W.T., Wang J. MMSE Receiver for Multi  ca  rrier
CDMA Overlay in Ultra-Wide-Band Commu  ni  ca  tions.
IEEE Trans. Veh. Technol., 54(2):603-614, March 2005.
[44] Papproth E., Kaleh G.K. A CDMA Overlay Using
Frequency Diver  sity Spread Spec  trum. IEEE PIMRC. 1997.
Pp. 630-634.
[45] Zhou J., Yama  moto U., Onozato Y. Impact of Inter  fe  -
rence Supres  sion Tech  ni  ques on Spec  trum Over  laid
Systems of TDMA/W-CDMA and N-CDMA/W-CDMA.  
IEICE Trans. Funda men tals, E84-B(3):539-549, March
2001.
[46] Zhou J., Kikuchi H. et al. Forward Link Perfor  mance of
TDMA/W-CDMA Spec  trum Over  laid Systems with
Inter fe rence  Cance lla tion  for  Future  Wire less  Commu ni -
ca tions.  IEICE Trans. Funda men tals, E85-A(7):1536-1545,
July 2002.
[47] Casta  ñeda-Camacho J., Lara-Rodri  guez D. Erlang Capa  -
city of Over  laid Multi  class CDMA and TDMA Systems.
IEEE  Vehi cular  Tech no logy  Confe rence  (VTC 2002),
2002.
[48] Casta  ñeda-Camacho J., Lara-Rodri  guez D. Forward Link
Capa  city of Over  laid Multi  class CDMA Systems and
TDMA Systems with Slots Reallo  ca  tion on the TDMA
Layer. IEEE Vehi  cular Tech  no  logy Confe  rence (VTC
2003), 2003.
[49] Casta  ñeda-Camacho J., Lara-Rodri  guez D. Overlay of
TDMA and Multi  class CDMA Systems with Slots Reallo  -
ca  tion on the TDMA Layer. IEEE Inter  na  tional Confe  rence
on  Commu ni ca tions  (ICC 2003), 2003.
[50] Sarkar S. Reverse Link Capa  city for CDMA2000. On:
IEEE Vehi  cular Tech  no  logy Confe  rence (VTC 2001), vol.
1, pp. 123, Spring 2001.
[51] Zhang Q., On-Chin Y. UMTS Air Inter  face Voice/Data
Capa  city-Part 1: Reverse Link Analysis. On: IEEE Vehi  -
cular Tech  no  logy Confe  rence (VTC 2001), Vol. 1, pp. 200, 
Spring, 2001. 
[52] Casta  ñeda-Camacho J., Uc-Rios C.E., Lara-Rodri  guez D.
Reverse Link Erlang Capa  city of multi  class CDMA
Cellular System Consi  de  ring Non-Ideal Antenna Secto  ri  -
za tion.  IEEE Trans. Vehic. Technol., 52(6), Nov. 2003.
[53] Cooper R.B. Intro  duc  tion to Queueing Theory. New York.
The Macmi  llan Company. 1972.
[54] Zhang Q. UMTS Air Inter  face Voice/Data Capa  city-Part
2:Forward Link Analysis. IEEE Vehi  cular Tech  no  logy
Confe  rence (VTC 2001), Spring 2001.
[55] Mücken  heim J., Bern  hard U. A Frame  work Load Control
in 3rd Gene  ra  tion CDMA Networks. IEEE Vehi  cular Tech  -
no  logy Confe  rence VTC, Fall 2001.
[56] Garg V.K. Wire  less Network Evolu  tion 2G to 3G. Pren  tice
Hall. 2002.
[57] Yeh Y.S., Schwartz S.C. Outage Proba  bi  lity in Mobile
Telep  hony due to Multiple Log-Normal Inter  fe  rers, IEEE
Trans. Comm, 32(4):380-388, April 1984.
About authors
Jose fina  Casta ñeda-Camacho. (S’99) Was born in Puebla, Puebla, México, in 1973. She received the B.Sc. degree from the
Auto  no  mous Univer  sity of Puebla (UAP), Mexico, in 1996 and the M.Sc. degree from the CINVESTAV-IPN, México in
2000, and her Ph. D. degree in 2007 from the CINVESTAV-IPN, México, all in elec  trical engi  nee  ring. Currently, she is in 
the Auto  no  mous Univer  sity of Puebla (BUAP) in the tele  com  mu  ni  ca  tions research group. Her main research inte  rests
include tele  traffic analysis, cellular system dimen  sio  ning and perfor  mance mode  ling and the evalua  tion of over  laid
systems and packet networks.
Domingo Lara-Rodrí  guez. (S’97–M’00) Received his Ph. D. and M.Sc. degrees in Elec  trical Engi  nee  ring from the
CINVESTAV-IPN and the B.Sc. in Elec  tro  nics and Commu  ni  ca  tions Engi  nee  ring from the National Poly  technic Insti  -
tute of Mexico (IPN). Currently, he is with the Mobile Tele com  mu  ni  ca  tions Research Group in the Center for Research
Advanced Studies – IPN in Mexico. His main research inte  rests include radio resource mana  ge  ment, perfor  mance mode  -
ling and archi  tec  tural design in mobile cellular, indoor and wire  less local loop systems.